Abstract. Analyses of time-spatial variations of critical plasma frequency foF2 during the summer of 1998 reveal the existence of an oscillation activity with attributes of a 6-day westward propagating wave. This event manifests itself as a global scale wave in the foF2 of the Northern Hemisphere, having a zonal wave number 2. This event coincides with a 6-day oscillation activity in the meridional neutral winds of the mesosphere/lower thermosphere (MLT). The oscillation in neutral winds seems to be linked to the 6-7-day global scale unstable mode westward propagating wave number 1 in the MLT. The forcing mechanisms of the 6-day wave event in the ionosphere from the wave activity in the MLT are discussed.
Introduction
Planetary waves (PW) are a common feature in the wind and temperature regimes of the Mesosphere/Lower Thermosphere (MLT). Their periods coincide with the theoretically predicted Rossby normal modes of the atmosphere (Salby, 1984) : 2-, 5-, 10-, and 16-day waves. From these waves, the 2-and 5-day waves are mainly a summer phenomena in the MLT winds and they are predominantly westward propagating waves (Harris, 1994; Wu et al., 1994) . Recent investigations also show the existence of long period oscillations in the MLT with periods out of the expected range for PW, especially the so-called "6-7-day wave". Kamalabadi et al. (1997) and Riggin et al. (1997) report westward propagating 6.5-day waves with zonal wave number s = 1 in the MLT at equatorial and middle latitudes. Meyer and Forbes (1997a) concluded that the westward 6.5-day wave is a global scale unstable mode and Clark et al. (2002) came to a similar conCorrespondence to: D. Altadill (daltadill@obsebre.es) clusion for the 7-day wave westward propagating wave number 1. The wave-wave interaction or the modulation of the upward propagating tides and gravity waves by the PW activity in the MLT is, among other plausible mechanisms, a likely cause of the transmission of PW activity to the ionosphere (Forbes, 1996; Pancheva et al., 2002) . Although it is accepted that the major cause of the variability of the ionosphere is due to solar activity (UV and EUV) and to geomagnetic activity, the contribution to the ionospheric variability transmitted from lower atmospheric levels can generate a comparable contribution to that of geomagnetic origin (Risbeth and Mendillo, 2001 ). Forbes et al. (2000) quantified the degree of variability of the ionospheric F-region due to periods of PW (2-30 day) to be about 15-20% under quiet geomagnetic conditions. Apostolov et al. (1998) showed that the contribution to the variability of the ionospheric F-region due to PW type oscillations is larger in summer solstice.
PW type oscillations with a period of about 6 days exist in the electron density of the lower and upper ionosphere Altadill, 2000; and references therein) . The oscillations with a period of about 6 days in the F-region have similar characteristics to that reported for the "6-7-day wave" in the MLT; their period ranges from 135 to 170 h, and their oscillation activity is largest in the summer half year (Apostolov and Altadill, 1996; Apostolov et al., 1998) . However, the oscillation activity with a period of about 6 days has not been studied as extensively as the quasi-2-day oscillations in the ionosphere. Significant similarities have been found between the quasi-2-day oscillations in the ionospheric F-region and the 2-day wave in the MLT, especially at middle latitudes. They have the same oscillating period range, their oscillation activity is largest in the summer half year, and they have a westward direction of propagation (zonal wave number s = 3 in the MLT and s = 1 in the ionosphere), and their vertical wavelengths are larger than 100 km (Harris, 1994; Apostolov et al., 1995; Wu et al., 1996; Altadill and Apostolov, 1998) . Moreover, a wide number of studies show the possible indirect influence of the 2-day wave in the MLT on the quasi-2-day oscillations in the ionosphere Altadill et al., 1997; Pancheva et al., 1994) . The large enhancements of the geomagnetic activity related to storms could also generate wave-like oscillations with a period of 2 days in the ionosphere (Altadill and Apostolov, 2001; Pancheva et al., 2002) .
Recent results indicate the presence of vertical propagating 6-day wave events in the middle latitude F-region (Altadill and Apostolov, 2001; Altadill et al., 2001b) . They showed there that some of these events propagate from below into the ionosphere, likely being forced by 6-day wave events in the MLT winds. Others display downward energy propagation and they coincided with geomagnetic activity variations related to storms. However, the above results were based on the analysis of a single ionospheric station. Preliminary results about the zonal structure of the 6-day wave events in the ionosphere (Altadill et al., 2001a) indicate that these wave structures manifest themselves frequently in the ionosphere with characteristics of stationary or westward traveling waves, mainly during the summer half year. However, the existence of 6-7-day waves at global or large scale forced by PW activity in the MLT has not been proved in the ionosphere.
The aim of this case study is to show the global scale pattern of a 6-day oscillation event in the F-region ionosphere that manifests itself during the summer of 1998 and to make an attempt to determine its origin from the wave activity in the MLT.
Data and analysis
Our study is performed for the time interval 20 May -17 September 1998, when the ionospheric F-region displayed large oscillation activity at periods of about 6 days (Altadill et al., 2001b) . To obtain information of the dynamics in the MLT region, we used hourly records of neutral wind in the UK (51.7 • N, 1.8 • E) made by meteor radar and LF D1 wind measurement performed at Collm (52 • N, 15 • E). The UK radar has been described by Muller et al. (1995) and details of the instrument and technique for LF D1 wind measurements have been described by Schminder and Kürschner (1994) . The wind data above UK is mainly recorded at an altitude of about 92-95 km and the LF D1 wind changes its altitude of measurements between 82 km during daylight hours to 95-105 km at night, due to the daily variations of the lower ionosphere. Then, for analysis we discarded the Collm data recorded below 85 km in order to have a similar altitude of measurement at the two wind stations.
To study the ionospheric variability, we use hourly values of the plasma frequency at 240 km and hmF2 obtained at the Observatorio del Ebro station (40.8 • N, 0.5 • E) by the ionogram inversion algorithm described by Huang and Reinisch (1996) . To find these parameters, the ionogram's traces were carefully revised in order to avoid spurious data of the automatic scaling. To evaluate the spatial pattern of the oscillation activity in the ionosphere, we used the foF2 of 23 ionospheric stations longitudinally distributed in the Northern Hemisphere (Table 1 ). The stations were selected so as to have the largest longitudinal distribution and good quality data, thereby assuring as much as possible a continuous time series with minimum gaps. With this longitudinal distribution we are able to obtain the zonal structure of the oscillation activity in the foF2, if any. We also used the 3-hourly A p index of geomagnetic activity and the hourly values of the geomagnetic index D st , in order to take into account the geomagnetic conditions during the events of oscillation. This data was obtained from the Solar-Terrestrial Physics Division of the National Geophysical Data Center (http://www.ngdc.noaa.gov/stp/). In order to determine the existence of oscillations in the above geophysical parameters, we use statistical methods based on spectral analysis, particularly the Lomb-Scargle periodogram method (Scargle, 1982; Horne and Baliunas, 1986) and the Rayleigh power analysis (Bai and Cliver, 1990) . These methods are useful tools for evaluating periodic components in time series with data gaps. Moreover, the relationship between the Rayleigh power and the maximum likelihood methods (Bai, 1992) and the cumulative property of the logarithm of the probability function enables us to determine intervals when a periodic component is really in operation. We also used bispectral analysis technique (Kim and Powers, 1979) , in order to investigate the effects of the nonlinear wave-wave coupling in the ionospheric and MLT parameters. 3 Six-day oscillation in the MLT neutral winds Figure 1 shows the dynamic spectra of meridional wind recorded at UK (top) and Collm (bottom) in the periodic range from 1.7 to 10 days for the time interval from 20 May to 17 September 1998. These contour plots depict only the statistically significant signal of the normalized power spectra computed by the Lomb-Scargle periodogram, specifically those frequencies that have a power above the 0.95 confidence level. Looking at the plots, two strong events of 2-day oscillation can be distinguished in the meridional wind, during June and July, that is better expressed in the data from UK. Also, a 6-day oscillation activity is observed in both data sets, from middle July to middle August as seen from UK data, and during July from the Collm data. Although not shown here, we obtained the dynamic spectra for the zonal wind component as is done for the meridional. We found the same strong events of 2-day oscillation in Collm data, whereas UK data displayed 2-day oscillation activity only in July. We did not find significant oscillation activity in zonal winds at periods of about 6 days in the UK or in the Collm data.
To assess the time interval when the 6-day oscillation is really in operation within the time interval from day 140 to 260, we apply the relationship between the Rayleigh power and the maximum likelihood methods (Bai, 1992) . First, we compare the power spectrum obtained by Lomb-Scargle and Rayleigh methods for the meridional wind data from UK (Fig. 2) . The results obtained by these methods are equiv- alent and they show a large peak at the 2-day period and a second important peak at the 6-day period, both peaks above the 0.95 confidence level. Jacobi et al. (2001) have already found oscillation activity at periods of about 6 days in the MLT winds during July-August 1998, so we confirm this using different methodology. The oscillation activity we are interested in is the 6-day oscillation and the dominant period obtained by the Rayleigh method is 5.9 days. We may obtain then the time development of the logarithmic likelihood function for the aforementioned oscillation. The logarithmic likelihood is a cumulative function,
where ν 0 is the frequency under study, A is its Rayleigh amplitude, θ 0 its phase, and the index k indicates the number of measurement. Bai (1992) provide clear explanations of the meaning of the magnitudes expressed in Eq. (1). Therefore, the logarithmic likelihood oscillates or decreases when the oscillation is not active and it increases in the time intervals when the oscillation is in operation. The results are plotted in Fig. 3 , where the smoothed wind data with a 51-h running mean has been added to compare better the time interval of existence. We observe in Fig. 3 a sharp increase in the logarithmic likelihood from day number 192 to 222 that coincides with an enhancement of oscillation activity with a period of 5.9 days, as seen from the smoothed data. Within this time interval we clearly observe 5 waves. So, we proved the existence of a 6-day oscillation in the MLT winds above UK from 11 July to 10 August 1998. Later, from day number 222 to 246, the logarithmic likelihood also increases, but very slowly, so that its existence in the last time interval is doubtful. This is confirmed by observation in the smoothed data, because after day 222 it remains an oscillation activity, but the wave crests are detached more than 6 days to each other. We obtain similar results from MLT winds above Collm (Figs. 4-6 ). We tried to evaluate the zonal propagation of this oscillation as the result of a westward propagating wave with zonal wave number 4. However, this result may be spurious because we have only two wind stations that are very close to each other and because of the different type of measurements. Whereas the wind data above UK is recorded at an altitude of about 92-95 km, the LF D1 wind changes its altitude of measurements between 85 km up to 105 km. Then a small error in the phase difference between the two stations could provide a large error in the wave number estimate. Because of that, we cannot perform a precise evaluation of the wave structure of this 6-day event in the MLT winds. With the data we use, we may only speculate about it. However, wave structures with a period of 6-7 days have been found in the wind regime of the MLT (Kamalabadi et al., 1997; Riggin et al., 1997) with a west- ward propagating wave number 1 and it has been concluded that these waves are global scale unstable modes (Meyer and Forbes 1997a; Clark et al., 2002) . So, the oscillation activity of a period of about 6 days that we observed could probably be the effect of the aforementioned wave structure.
4 Simultaneous 6-day oscillation in the MLT and ionospheric parameters the plasma frequency at 240 km. Looking at the significant periods we observe coinciding oscillation activity in the MLT and ionosphere at periods of 6 days. The dominant oscillation activity in the geomagnetic activity is at periods of 7 days. Therefore, it is reasonable to think of the oscillation activity in the MLT as a likely cause of the same oscillation activity in the ionosphere, the 7-day oscillation in the geomagnetic activity being a less likely cause for the 6-day oscillation in the ionosphere. To assess the time interval when the oscillation activity is really in operation within the time interval under study, we obtain the time development of the logarithmic likelihood for the dominant periods of the aforementioned time series (Fig. 5) . Looking in detail at Fig. 5 we observe the following interesting results. The 5.7-day oscillation above Collm exists from day number 152 to 168, then it disappears until day 183, and it becomes active again from day 183 to 228. As already mentioned the logarithmic likelihood increases from day number 192 to 222 for the 5.9-day oscillation in the meridional wind above UK. We consider the oscillation activity with a period of about 6 days in the MLT winds to be in operation during the time interval from day number 192 to 222, when it coexists above the two wind stations. Looking at the results of the ionospheric parameters, we find that a 5.9-day oscillation becomes active from day 192 to 216, then the logarithmic likelihood decreases sharply and the 5.9 oscillation disappears in the ionospheric parameters. The results of the geomagnetic activity indexes display a quite different pattern. Whereas a 6.8-day oscillation seems to be continuously in operation, with the Dst index being enhanced at day 218 and 240, the logarithmic likelihood for the 6.9-day oscillation in the Ap index increases from day 197 to 222, with two sharp enhancements at day 218 and 240. So, we may conclude that a 6-day oscillation becomes active in the ionosphere when a similar oscillation activity is in operation in the MLT winds. However, the oscillation in the ionosphere has a shorter life time; it finished at day 216, approximately one wave period earlier than in the MLT winds. We will try to explain later a plausible cause of the shorter lifetime of that oscillation activity in the ionosphere compared with MLT winds.
The results discussed above can be confirmed by observations from the time development of the parameters under study showed in Fig. 6 , where the smoothed data with a 51-h running mean are depicted. Here we observe clearly the oscillation with a period near 6 days in the meridional winds from day 192 to 222 above UK and from day 183 to 228 above Collm. We also observe a 6-day oscillation in the ionospheric parameters from day 192 to 216 approximately, that is better expressed in the f p 240. In addition to that, we observe a clear enhancement of the geomagnetic activity at days 217-218 and at days 239-240 (A p ), which is related with large geomagnetic storms (D st ). These geomagnetic disturbances coincide in time with the sharp enhancements of the logarithmic likelihood observed in the geomagnetic activity indexes (Fig. 5) . In addition to that, the 6-day oscillation activity of the ionospheric parameters just ends at the time of the first geomagnetic storm (Fig. 5) . Thus, we think that the ionospheric effects of the first geomagnetic storm mask the assumed effects in the ionosphere of the oscillation activity in the MLT wind, being a candidate for explaining why the 6-day oscillation in the ionosphere has a lifetime shorter than in the MLT.
Westward propagating 6-day wave of the electron density in the F2-peak
To assess the existence of wave structures in the ionosphere, we evaluate the oscillation activity of foF2 recorded at several ionospheric stations longitudinally distributed in the Northern Hemisphere (Table 1) . We apply the Lomb-Scargle periodogram as described by Hocke (1998) to the 23 time series of foF2 in the periodic range from 3 to 8 days for the time interval between day number 190 and 225, in order to obtain their amplitude and phase spectra. Figure 7 depicts the amplitude spectra as a function of period and longitude. We choose that time interval because then oscillation activity with a period near 6 days in the MLT and ionosphere exists. We look for the oscillation activity near a period of about 6 days that exists at global or large scale and behaves as a wave.
To assure that and as a first standard of judgement, the dominant period of oscillation at individual stations should not spread more than 10 hours from the median value of the dominant period of the time series. We find that the median value of the dominant period is 6.1 days and dashed lines in Fig. 7 show the allowed limits for the dominant oscillating period. Only 5 time series of the 23 under study did not match our first standard. This fact could be the result of the poor quality data for these stations that have many gaps. These time series are those marked with an asterisk in Fig. 7 and they will be not considered for further analyses. As a second standard the phase of oscillation as a function of the longitude should be a smooth function. Then we assume the oscillation activity of the foF2 as a cosine function with a period of about 6 days, 
foF2(t, ϕ)
From Eq. (2) we may obtain the zonal wave number, s = ∂ϕ/∂λ, where ϕ is the phase of the oscillation in the ionospheric station at a longitude λ. Positive values of s indicate a westward traveling wave, negative values indicate eastward, and zero values of s indicate standing waves. We obtain s by fitting the pairs (ϕ, λ) to a straight line and by assuming the slope of the linear fitting equals s. Moreover, the obtained values of s must be very close to integer, in order to have physically consistent results. However, there are two problems when we look for the best linear fit of the phases as a function of longitude. One problem is due to the uncertainty of 2π that arises when a new cycle of oscillation starts within a longitude sector. The other problem is due to the longitude distribution of the ionospheric stations that arises from the quality and availability of data, and from large gaps due to the oceans. Due to the latter, the data available are clustered in three sectors, West Europe (-10 • E-30 • E), East Asia (115 • E-160 • E), and North America (270 • E-315 • E). We avoid these problems by constructing two data sets of pairs (ϕ, λ), in one data set we added one cycle to the phases. Then we combine these two data sets and from them we build a working data set that assures the second standard of judgement. After that we find the best linear fit (top plot of Fig. 8) , where the open circles have not been considered in the fit.
The main reason why we disregarded the pairs (ϕ, λ) corresponding to the ionospheric stations JR055 and ML449 from the linear fit is because these pairs become separated from the main trend in their respective longitude sectors. The pairs (ϕ, λ) corresponding to the ionospheric stations EG931 and PRJ18 have been not considered to avoid the problem of clustering in the fit. The slope of the best fit, as depicted in the top plot of Fig. 8 is 1 .83, very close to 2. Then it is likely that we observe a 6-day wave-like oscillation westward, propagating with s = 2 at the maximum electron density of the ionospheric F-region. In addition to that, if we suppose the origin of the phase of the 6-day wave that obtained for the ionospheric station RL052 and we build the function ϕ(λ)), assuming a westward propagating wave with s = 2, the agreement between the aforementioned phase function and the obtained pairs (ϕ, λ) is excellent (bottom plot of Fig. 8 ). So, we may conclude that we find a 6-day westward propagating wave-like oscillation with s = 2 in the ionosphere that is simultaneously in operation with 6-day oscillation activity in the MLT. Because no similar oscillation is present in the geomagnetic activity variations, indeed it is not of geomagnetic origin. So, it is possible that this event is forced from the wave activity in the MLT neutral winds.
Linking mechanisms between the wave activity in the MLT and ionosphere
It is accepted that PW propagate from the lower atmosphere and they may reach the MLT, but model evaluations do not predict significant penetration of these waves above 100-110 km (Hagan et al., 1993) . Meyer and Forbes (1997b) propose the suppression of the spectral response to the thermospheric forcing for the eastward/westward propagating waves with periods larger than 24/48 h by ion drag as a cause for that. However, PW type oscillations are frequently observed in the thermosphere and ionosphere (Canziani, 1994; Pancheva et al., 1994) . Also, vertical propagating wave events are reported in the literature at low-latitude E-region and at middle-latitude F-region (Zhou et al., 1997; Altadill and Apostolov, 1998) . Although the above results are mainly for quasi-2-day oscillations, we showed the existence of upward propagating wave events with periods of about 6 days in the ionospheric F-region that were coherent with the wave activity in the MLT (Altadill and Apostolov, 2001; Altadill et al., 2001b) . Due to that several investigations propose mechanisms of indirect forcing of the PW activity in the MLT on the ionosphere. Recent papers propose the PW interaction or modulation of upward propagating tides and gravity waves to explain the penetration of the PW activity into the thermosphere/ionosphere system (Mitchell et al., 1996; Meyer, 1999) . Also, the interaction of the PW at dynamo altitudes with the strong diurnal/semidiurnal dependence of the ionosphere may be a cause of the observed wave activity in the ionosphere Pancheva et al., 2002) . We evaluated the possible existence of PW interaction or modulation of tides in the MLT winds and in the ionospheric data. We have found that such interaction or modulation does not exist in this case. In order to assess that we applied bispectral analysis to the wind and ionospheric data, and we evaluated the time development of the 12-and 24-h oscillations in both wind and ionospheric data. Figure 9 depicts the bispectrum of the UK meridional wind data in the periodic domain. The bispectrum was obtained from 14 intervals of 40-day duration shifted by 2 days from one to the other. The bispectrum estimator shows significant signals around interaction periods between 5.8 and 5.8 days (Fig. 9a) , between 2.9 and 5.8 days (Fig. 9b) , and between 2 and 0.5 days (Fig. 9c) , others are practically below the noise level. We think that the interaction signals a and b are equivalent, indicating the interaction sum triplet 5.8/5.8/2.9 and the difference triplet 2.9/5.8/5.8. Then it reasonable to think that the 2.9 day period involved in the aforementioned interaction triplets represents the first harmonic of the 5.8 period (Kim and Powers, 1979) . Another possibility for signal b could be the sum triplet 2.9/5.8/1.9, but this would mean that the 2-day period in the MLT is the result of interaction between 3-and 6-day periods, which is very unlikely. Finally, signal c indicates the possibility of interaction sum triplet 2/0.5/0.4 and difference triplet 2/0.5/0.67. Although not shown here, we find an equivalent result for the Collm meridional wind data, where only signal c was significant in bispectrum estimator. So, we do not find significant interaction between periods of about 6 days and periods of diurnal/semidiurnal tide in the MLT. These results are in agreement with previous results found in the MLT (Jacobi et al., 2001) . We also applied bispectral analysis to the ionospheric data, as already mentioned, and we did not find a signal of interaction between periods of about 6 days and periods of diurnal/semidiurnal dependence of the ionosphere in the bispectrum. Figure 10 displays the time development of the amplitudes corresponding to the 12-and 24-h oscillations for both the meridional wind component in the UK and the plasma frequency at 240 km in the Observatorio del Ebro. The shaded region of Fig. 10 enhances the time interval when the 6-day event was found to be in operation. The amplitudes were computed from time intervals with duration 6 times the period under study and shifted by one hour from one to the other. We used for that the Lomb-Scargle periodogram as described by Hocke (1998) . From Fig. 10 we do not observe any amplitude modulation by a period of 6 days in wind or in ionospheric data. We can observe only a ∼10-day modulation of the amplitude of the 24-h oscillation in winds (Fig. 10c) and may also be of the amplitude of the 24-h. oscillation in the plasma frequency (Fig. 10d) .
As a conclusion of the above results, neither the PW interaction or modulation of tides in the MLT nor the interaction of waves at dynamo altitudes with the strong diurnal/semidiurnal dependence of the ionosphere seem to be likely candidates to explain the 6-day wave-like oscillation we observe in the ionosphere. However, we cannot evaluate the role of the "gravity wave" mechanism proposed by Meyer (1999) due to the data we use. So, it is an open question whether such mechanism may play a role for transmitting PW activity from the MLT to the ionosphere in this case.
Another plausible mechanism to explain the PW type oscillations in the ionospheric F-region involves the ionospheric effects of the geomagnetic storms. It is accepted that strong geomagnetic storms provide significant changes in the thermospheric composition at middle latitudes, especially the ratio of atomic versus molecular species (FullerRowell et al., 1996) . These changes generate negative ionospheric storms, and they may provide dramatic changes in the electron density of the ionospheric F-region, mainly in summer thermosphere. Therefore, a sequence of geomagnetic storms and substorms that repeats at periods of PW could reflect PW type oscillations in the ionosphere (Altadill et al., 2001b) . However, we may discard this mechanism for the 6-day wave-like oscillation we find in the ionosphere, because simultaneous oscillation activity in the geomagnetic activity at periods of about 6 days does not exist. Also, strong geomagnetic storms may generate pseudo-diurnal harmonics or in situ tides in the ionosphere (Fuller-Rowell et al., 2000) . Their interaction can then account for wave-like oscillations in the ionosphere (Altadill et al., 2001b; Pancheva et al., 2002) . We do not think that the above mechanism is a likely candidate to explain the 6-day wave-like oscillation we observe in the ionosphere because we do not find a signal of interaction between periods of about 6 days and periods of pseudo-diurnal dependence of ionospheric parameters in the bispectrum.
We think that the wave activity at periods of about 6 days in the MLT winds can be the source of the 6-day wave-like oscillation we observe in the ionosphere. Pancheva and Lysenko (1988) discussed two possible mechanisms that can explain the influence of PW in the MLT on the ionosphere. One of them was proposed to explain the quasi-2-day oscilla- tions (Mikhailov, 1983) and it proposes that PW in the MLT wind may cause a redistribution of [O] , [O 2 ] and [N 2 ] at the base of the thermosphere and to change the mean vertical velocity of mass transport. This velocity was found to be u∼−2 cm/s and it affects the vertical transport of minor constituents and provides in phase changes of the electron density at the F2-and E-peaks. The other mechanism discussed by Pancheva and Lysenko (1988) assumes that the PW in the MLT may induce electric fields via ionospheric wind dynamo (Ito et al., 1986) . These electric fields could generate then the same oscillation activity in the "vertical plasma drift" and in the plasma density of the ionospheric F-region. However, model results suggest that the wind magnitudes have to be on the order of a few tens of m/s in order to validate that mechanism (Chen, 1992) . The amplitudes of the 6-day oscillations we observe in the MLT winds as obtained from the amplitude spectra (Hocke, 1998) are 10 m/s for UK data and 5 m/s for Collm data. It seems that they are not strong enough, but we must take into account that these amplitudes are obtained by fitting the recorded wind data to a pure sinusoid function and the obtained amplitudes are the mean amplitudes for the time interval under analysis. Otherwise, we observe in the smoothed wind data favorable oscillations from −20 to 20 m/s in UK (Fig. 3) and from −18 to 15 m/s in Collm (Fig. 6) . Then, according to that, the oscillation activity at periods of about 6 days in the meridional wind would probably generate electrodynamic effects and would be the source of the 6-day wavelike oscillation we observe in the ionosphere. Although we did not find oscillation activity at periods of about 6 days in the zonal wind, Lastovicka and Sauli (1999) have found the meridional wind component to be better for relating the F2-region than the zonal wind as to PW type oscillations. In addition to these results and based on analyses of the electron density profiles above a single ionospheric station (Altadill et al., 2001b) , we showed that the 6-day wave event studied here displays a clear propagation from below. We also showed a coherency between the time series related to the chain MLT-Dynamo-Ionosphere.
Summary and conclusions
Mid-latitude ionospheric measurements at the Northern Hemisphere during summer 1998 from a variety of ionosondes have been investigated with respect to a traveling 6-day wave-like oscillation in the ionosphere. From the phase comparisons of the foF2 this oscillation has been identified as a westward propagating wave number 2. Simultaneous neutral wind measurements reveal a 6-day oscillation in the meridional winds at the MLT, indication of a connection between the ionosphere and the neutral atmosphere. We evaluated the potential mechanisms that can account for PW type oscillations in the ionosphere. As a conclusion, taking into account previous results and the results obtained here, the global scale 6-day westward propagating wavelike oscillation in the maximum electron density of the ionosphere is obviously forced by the wave activity in the MLT winds at periods of about 6 days. As discussed in Sect. 6, we think that the "vertical plasma drift" is the most likely candidate for transmitting the PW activity from the MLT up to the ionospheric F2-region in this case. However, it remains an open question whether the "gravity wave" mechanism may also play a role.
Both mechanisms 'vertical plasma drift" and "gravity wave" would explain the forcing of the 6-day wave-like oscillation in the foF2 from the wave activity in the MLT, but there is a disclosure between the zonal structure in the MLT and in the ionosphere. We have found that the 6-day oscillation in the MLT winds may be a westward propagating wave with zonal wave number 4. As already mentioned, the latest result may be spurious because we have only two wind stations that are very close to each other and because of the different type of measurements. So, we may only speculate about the zonal structure of this event in the MLT. If we assume it is true, we may propose the highest phase velocity in the ionosphere to be associated with the faster thermospheric circulation, as compared with that in the mesosphere, but it is still unclear how this would transform the wave number 4 in the MLT to wave number two in the F-region. However, wave structures with period of 6-7 days have been found in the wind regime of the MLT (Kamalabadi et al., 1997; Riggin et al., 1997) , with a westward propagating wave number 1, and it has been concluded that these waves are global scale unstable modes (Meyer and Forbes 1997a; Clark et al., 2002) . Then, the oscillation activity of a period about 6 days that we observed in the MLT could likely be the effect of the aforementioned wave structures and the above discussion has not sense.
There is a plausible explanation as to why the 6-day wave event we found in the foF2 has a different zonal structure from the wind oscillation. The arising of the 6-day wave event in the ionospheric F2-region may be induced by the forcing of such an oscillation in the MLT in a particular region of the globe, with further independent development in the F2-region. A similar mechanism has been proposed in order to explain the different zonal structure of the quasi-2-day oscillation between the MLT and the ionospheric Fregion (Apostolov et al., 1995) . However, there was a certain premise for such a possibility regarding the 2-day wave in the MLT (Poole, 1990 ) that has not been evaluated for the 6-7-day wave structures. Therefore, further research efforts are needed to solve the nature of these mechanisms, as well as to deepen the knowledge of the ionosphere-atmosphere interactions.
